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Abstract 

Prothymosin α (ProT) is involved in regulating expression of the oxidative stress-protective genes 
and it also exerts immunomodulatory activities. In this study, we investigated the therapeutic ef-
fects of ProT gene transfer on atherosclerosis in endothelial cells and in ApoE-deficient mice. 
Adenoviruses encoding mouse ProT (AdProT) were used for the management of atherosclerosis. 
In vitro, the effects of ProT on antioxidant gene expressions and the protection effect against 
oxidant-mediated injury in endothelial cells were examined. In vivo, AdProT were administered 
intraventricularly into the heart of ApoE-/- mice. Histopathological and immunohistochemical as-
sessments of the aortic tissues were performed. Expressions of HO-1 and antioxidant genes in the 
aortic tissues were also determined. Our results demonstrated that ProT gene transfer increased 
antioxidant gene expressions, eNOS expression and NO release, as well as reduced the reactive 
oxygen species production in endothelial cells. Intraventricular administration of AdProT reduced 
the lesion formation, increased expressions of HO-1 and SOD genes, and reduced infiltrating 
macrophages in the aorta of ApoE-/- mice. This study suggests that ProT gene transfer may have the 
therapeutic potential for the management of atherosclerosis via inducing antioxidant gene ex-
pressions, eNOS expression and NO release, reducing ROS production and macrophage infil-
tration in endothelium. 
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Introduction 
Cardiovascular disease is the leading cause of 

death and disability in the world. The majority of 
cardiovascular disease results from complications of 
atherosclerosis. Atherosclerosis is an inflammatory 

disease in which lipid deposition in the arterial wall. It 
is believed that oxidation and inflammation are two 
crucial events involved in the development of ather-
osclerotic lesions [1, 2].  
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Oxidative stress results from the reduction of 
antioxidant agents or overproduction of reactive ox-
ygen species (ROS), and is considered a major mech-
anism involved in the pathogenesis of endothelial 
dysfunction, and the initiation and progression of 
atherosclerosis. The defense mechanisms to scavenge 
ROS in the vasculature and result in inhibition of ni-
tric oxide (NO) degradation include enzymatic su-
peroxide dismutase (SOD), catalase and glutathione 
peroxidase, and non-enzymatic low-molecular-mass 
molecules [1]. NO that is the principal vasodilator and 
is synthesized via the action of endothelial NO syn-
thase (eNOS). Superoxide promotes cellular damage 
by reacting with and reducing vascular NO bioavail-
ability [3]. As the vascular level of superoxide is reg-
ulated by the SOD, a role of SOD genes in the cardi-
ovascular disease is of substantial interest [4]. 

Keap1 (Kelch-like ECH-associated protein 1) and 
Nrf2 (nuclear factor-erythroid 2-related nuclear factor 
2) constitute a crucial cellular sensor for oxidative 
stress. In unstressed cells, Nrf2 appears to be seques-
tered in the cytoplasm via association with an inhibi-
tor protein, Keap1, and then degraded via the pro-
teasome system [5]. Upon exposure to electrophilic or 
oxidative stresses, Nrf2 is released from Keap1 and 
then translocates to the nucleus, forms heterodimers 
with Maf, and binds to the antioxidant response ele-
ments (AREs) to regulate ARE-mediated gene ex-
pression [6]. In the previous report, prothymosin α 
(ProT) was shown to liberate Nrf2 from the 
Nrf2-Keap1 inhibitory complex and regulate the ex-
pression of oxidative stress-protecting genes [7]. ProT 
is a highly acidic small protein and is distributed in 
the nuclei of a wide variety of tissues and is highly 
conserved among mammals [8]. Many studies have 
showed the immunoregulatory functions of ProT, 
including enhancing MHC class II surface antigen 
expression on antigen presenting cells, and human 
natural killer cell cytotoxicity [8, 9]. Moreover, ProT is 
likely to have a broader effect on transcription. It af-
fects the activity of specific transcription factors, in-
cluding the estrogen receptor [10] and Stat3 [11].  

In this study, we employed an adenovirus ex-
pressing ProT (designated AdProT) to examine the 
effect of ProT gene transfer on antioxidant gene ex-
pressions and consequently the protection of ProT on 
endothelial cells against oxidative-mediated injury in 
vitro and in vivo. Our results demonstrated that ProT 
gene transfer enhanced antioxidant gene expressions, 
such as heme oxygenase-1 (HO-1) and SOD, and re-
duced H2O2-induced oxidative damage in HUVECs, 
and inhibited the atherosclerosis progression in Ap-
oE-/- mice via inducing the antioxidant gene expres-
sions, reducing the reactive oxygen species produc-
tion, and decreasing the macrophage infiltration. 

Methods 
Cells 

Human umbilical vein endothelial cells (HU-
VECs) (Bioresource Collection and Research Center, 
HsinChu, Taiwan) were cultured in M199 (GIBCO, 
Grand Island, NY) supplemented with endothelial 
cell growth supplement (Upstate) and 10% fetal bo-
vine serum. RAW 264.7 (mouse leukaemic monocyte 
macrophage cells) were cultured in 
HyQ-DMEM/High Glucose (HyClone, Logan, UT) 
supplemented with 10% cosmic calf serum (Hyclone). 
Cells were maintained at 37°C in an atmosphere of 5% 
CO2. This study conforms with the principles outlined 
in the Declaration of Helsinki.  

Amplification of recombinant adenoviruses 
AdProT, an adenovirus containing mouse ProT 

gene, was generated as previously described [12]. 
Control adenoviruses AdLacZ with β-glatosidase 
gene or AdLuc with firefly luciferase gene were gen-
erated with the same method described. All adeno-
viruses were propagated in 293 cells, purified by CsCl 
density gradient centrifugation, and quantified by 
plaque assay.  

Reverse transcription-polymerase chain 
reaction (RT-PCR) 

RNA was isolated using the Trizol (Invitrogen, 
CA) according to the manufacturer’s instructions. The 
REVERSE-IT™ 1st strand synthesis kit (ABgene, Ep-
som, UK) was used for cDNA synthesis. Appropriate 
PCR primers were used, and the β-actin gene ampli-
fications were used as an internal standard. PCR am-
plification was performed for 30 cycles, and the cy-
cling conditions were as follows: 94°C for 30 sec, 60°C 
for 30 sec, 72°C for 30 sec.  

Reactive Oxygen Species (ROS) Production 
Intracellular oxidative products were detected 

by 2,7-dichlorodihydrofluorescein diacetate 
(H2DCFDA, Sigma, MO). Briefly, 2 × 105 HUVECs 
were seeded in 6-well plates and infected with 
AdLacZ or AdProT at a MOI (multiplicity of infec-
tion) of 100 for 72 h, and sequentially rinsed twice 
with PBS and treated with 10 μM of H2DCFDA for 30 
min. Cells were then collected and analyzed immedi-
ately by FACSCalibur (BD Biosciences, CA), and the 
results were analyzed using Cell Quest software (BD 
Biosciences). H2O2-treated cells were served as the 
positive control. 

Cell viability 
104 HUVECs were seeded in 96-well plates, and 

infected by AdLacZ or AdProT for 48 h, followed by a 
H2O2 (250 μM) incubation for 4 h. The cell viability 



Int. J. Biol. Sci. 2014, Vol. 10 
 

 
http://www.ijbs.com 

360 

was determined by MTT assay as previously de-
scribed [13].  

Determination of NO release 
104 HUVECs or RAW264.7 were seeded in 

96-well plates and infected by AdLacZ or AdProT for 
72 h. NO2− in culture supernatant was measured to 
assess the NO production in HUVECs. 50 μl of sam-
ples were mixed with 50 μl of Griess reagent (1% sul-
fanilamide/0.1% naphthylethylene diamine dihy-
drochloride/2% phosphoric acid) and incubated at 
25°C for 10 min. The absorbance at 540 nm was 
measured on a microplate reader (Anthos Labtec In-
struments GmbH, Salzburg, Austria). NaNO2 was 
used as the standard to calculate NO2− concentrations.  

Western blots 
Total cells lysates were harvested for detection of 

protein expression by immunoblot analysis with 
HO-1 antibody (Stressgen Bioreagents, Ann Arbor, 
MI), eNOS antibody (Cell Signaling Technology, MA), 
iNOS antibody (R&D Systems, MN) or mouse β-actin 
monoclonal antibody (Sigma, MO). Appropriate as 
secondary antibodies were used and protein-antibody 
complexes were visualized by the ECL system 
(Amersham Biosciences, NJ). 

Luciferase assay 
Hearts and aorta of mice were isolated. Tissues 

were homogenized for measuring luciferase activities 
using the Dual-Light Luciferase Reporter Assay Sys-
tem (Tropix, MA). Total protein concentrations were 
determined using the BCA kit (Pierce Biotechnology, 
IL) to normalize the luciferase signal.  

Animal studies 
Apolipoprotein E-deficient (ApoE-/-) mice from a 

C57BL/6J background that develop a spontaneous 
atherosclerosis that mimics most of the features of 
human atherogenesis were obtained from the Labor-
atory Animal Center of the National Cheng Kung 
University. Animals were anesthetized with pento-
barbital intraperitoneally (90 μg/g body weight). 
Adenoviruses (2 × 108 PFU) in 50 μl of PBS were in-
jected directly into the left ventricle of the heart. 4 
weeks after virus administration, hearts with attached 
aortas and other tissues were removed for further 
examinations. All animal experiments were per-
formed following the guidelines approved by the 
Laboratory Animal Care and Use Committee of the 
National Cheng Kung University. 

Quantification of atherosclerotic lesion 
formation and macrophages in the lesions 

Hearts isolated from the mice were fixed, dehy-

drated, and embedded in paraffin. Serial tissue sec-
tions of 5 μm thickness were collected in every 25 μm 
interval. Eight sections were obtained for each sam-
ple. Sections were stained with Mayer’s hematoxylin 
and eosin (H&E) for histological assessment of lesion 
size in the aortic sinus under a microscopy. To detect 
macrophages within atherosclerotic lesions, sections 
were subjected to immunohistochemical staining us-
ing the monoclonal anti-Mac-3 antibody (BD 
PharMingen, CA). After sequential incubated with the 
appropriate secondary antibody, aminoethyl carba-
zole (AEC, Taipei, Taiwan) was used as a substrate 
chromogen. The quantitative data was calculated by 
Image Pro Plus (Media Cybernetics, MD).  

Statistical analysis 
Data were expressed as mean ± SEM. Statistical 

significance between groups was assessed by the un-
paired Student’s t-test. Values of p less than or equal 
to 0.05 were considered statistical significant. 

Results 
Effect of ProT gene transfer on HO-1 
expression in HUVECs 

To examine the effect of ProT on HO-1 expres-
sion in HUVECs, cells were infected with AdProT or 
AdLacZ at a MOI of 100 for 48 h, and the HO-1 ex-
pression was detected both by RT-PCR and im-
monoblot analysis. Our results showed that ProT 
overexpression induced a marked increase of HO-1 
both in mRNA and protein level (Figs. 1A&B).  

Effect of ProT on intracellular ROS generation 
and H2O2-induced cell injury in HUVECs 

To investigate whether ProT has any influence 
on ROS generation and oxidative stress-induced en-
dothelial cell injury, HUVECs were infected with 
AdProT or AdLacZ at a MOI of 100. For ROS detec-
tion, 72 h post-infection, cells were stained with a 
fluoresce probe D2HCFDA, and the ROS generation 
was evaluated using a flow cytometry. The result re-
vealed that ProT overexpression decreased the ROS 
generation by 30% in HUVECs, while the 
H2O2-treated cells served as a positive control (Fig. 
2A). For oxidative stress-induced cell injury, 48 h 
post-infection, cells were exposed to H2O2 for 4 h, and 
the cell viability was measured by MTT assay (Fig. 
2B). The data showed that H2O2 decreased the cell 
viability, while ProT overexpression significantly re-
stored cells from H2O2-induced damage. These results 
suggested that ProT overexpression increased intra-
cellular antioxidant capacity and protected HUVECs 
from oxidative stress-mediated cell injury.  
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Figure 1. Expressions of ProT and HO-1 in HUVECs after ProT gene 
transfer. HUVECs were infected with AdLacZ or AdProT at a MOI of 100 
for 48 h. (A) ProT and HO-1 mRNA expressions were detected by 
RT-PCR. (B) HO-1 expression was detected by Western blotting. 

 
Figure 2. Reductions of ROS formation and H2O2-induced cell damage in 
HUVECs after ProT gene transfer. (A) HUVECs were treated with AdLacZ 
or AdProT at a MOI of 100 for 72 h, and incubated with H2DCFDA for 
30min. The intracellular ROS was measured by flow cytometry. (B) HU-
VECs were treated AdLacZ or AdProT at a MOI of 100 for 48 h prior to a 
4 h H2O2 (250 μM) incubation. Cell viability was determined by MTT assay. 
Results are expressed as mean ± SEM (n = 4). *, p<0.05; ***, p<0.001. 

 
 

Effects of ProT on SOD gene expression, 
eNOS expression and intracellular NO level in 
HUVECs 

Blood vessels express 3 isoforms of SOD: cop-
per/zinc SOD (Cu/Zn-SOD), manganese SOD 
(Mn-SOD), and extracellular SOD (EC-SOD) [4, 14, 
15]. We examined the effect of ProT overexpression on 
SOD gene expressions in HUVECs infected with 
AdProT or AdLacZ at a MOI of 100 for 48 h by 
RT-PCR. As shown in Fig. 3A, ProT overexpression 
upregulated all three isoforms of SOD gene expres-
sions. To investigate the endothelial function follow-
ing ProT overexpression, eNOS expression was de-
termined by Western blotting (Fig. 3B), and the NO 
release in conditioned medium were also determined 
indirectly by the content of nitrite and nitrate (Fig. 
3C). Our data revealed that ProT gene transfer notably 

enhanced the eNOS expression and increased the in-
tracellular level of NO. 

Effects of ProT on iNOS expression and 
intracellular NO level in RAW264.7 cells 

As macrophages produce NO to stimulate in-
flammatory reaction, to investigate the effect of ProT 
overexpression on NO production in macrophages, 
the iNOS expression and NO release in macrophages 
were determined. RAW264.7 cells were infected with 
AdProT or AdLacZ at a MOI of 400. 48 h 
post-infection, the iNOS expression was detected by 
Western blot analysis (Fig. 4A), and the level of NO in 
the conditioned medium was determined indirectly as 
the content of nitrite and nitrate (Fig. 4B). These re-
sults revealed that ProT overexpression reduced both 
the iNOS expression and the intracellular NO level in 
macrophages. 
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Figure 3. Effects of ProT overexpression on the antioxidant gene expressions, eNOS expression and NO production in HUVECs. HUVECs were infected 
with AdLacZ or AdProT at a MOI of 100 for 48 h. The SOD expressions were detected with RT-PCR (A), eNOS expression was detected by Western 
blotting (B) and the accumulation of nitrite in the supernatants was measured with Griess reagent (C). Data are expressed as mean ± SEM. *, p< 0.05. 

 
Figure 4. Effects of ProT overexpression on iNOS expression and NO production in RAW264.7 cells. RAW264.7 cells were infected with AdLacZ or 
AdProT at a MOI of 400. (A) 48 h post-infection, the iNOS expression was detected by Western blotting, and (B) the accumulation of nitrite in the 
supernatants was measured with Griess reagent.  
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Figure 5. AdLuc expression and effects of ProT overexpression on HO-1 
and SOD expressions in the aorta of ApoE-/- mice intraventricularly re-
ceiving AdLuc or AdProT. 9-week-old ApoE-/- mice were received 2 × 108 
PFU AdLuc (n=2) or AdProT (n=2). Tissues were collected 3 days after 
injection. (A) Luciferase activity in the heart and aorta of AdLuc-treated 
mice determined by luciferase assay. (B) Effects of ProT overexpression on 
HO-1 and SOD mRNA expressions in the aortic tissues of ApoE-/- mice 
detected by RT-PCR. 

 

Transgene expression and effect of ProT on 
antioxidant gene expressions in arterial walls 
in ApoE-/- mice after intraventricular virus 
administration 

To evaluate the transgene expression in aortic 
tissues of animals, AdLuc (2 × 108 PFU) was adminis-
tered directly into the heart of anesthetized ApoE-/- 
mice, and the luciferase activity in heart and aorta 
were examined 3 days post-administration. The result 
showed that higher luciferase activity was detected in 
the aortic tissues compared to that in the hearts (Fig. 
5A). Effects of ProT on antioxidant gene expressions 
in aorta of ApoE-/- mice were also evaluated in this 
study. We injected AdProT or AdLacZ (2 × 108 PFU) 
intraventricularly to the heart of anesthetized ApoE-/- 
mice. 3 days post-virus injection, the expressions of 
HO-1 and SOD genes in the aortic tissues of mice were 
examined by RT-PCR (Fig. 5B). A notably increase of 
ProT mRNA was observed in aorta of ApoE-/- mice 
receiving AdProT administration compared to the 

AdLacZ control. Moreover, consistent with our in 
vitro observations, the upregulation of HO-1 and SOD 
gene expressions by ProT overexpression were seen in 
the aorta of AdProT-treated ApoE-/-  mice.  

Effect of ProT on atherosclerotic lesion 
formation and macrophages infiltration in 
ApoE-/- mice 

To assess the effect of ProT gene transfer on le-
sion formation in the early phase of atherosclerosis in 
vivo, we administered AdProT or AdLacZ intra-
ventricularly to ApoE-/- mice. Four weeks 
post-administration, the aortic tissues of mice were 
excised, sectioned and stained with H&E. The extent 
of atherosclerotic lesions developed in aortic sinus 
was assessed under a microscopy (Fig. 6A), and the 
quantitative data was shown as mean ± SEM in Fig. 
6B. The result demonstrated that the lesion area de-
veloped at the aortic sinus of AdProT-treated mice 
was significantly smaller compared to those in 
AdLacZ-treated group. Furthermore, macrophage 
infiltration in the lesions was also detected by immo-
histochemistry with anti-MAC-3 antibody (Fig. 6C), 
and the quantitative data was presented in Fig. 6D. 
Although no significant difference was determined, 
more macrophages were observed in the atheroscle-
rotic lesions of mice receiving AdLacZ than those re-
ceiving AdProT. Taken together, our data showed 
that intraventricularly administration of AdProT re-
duced the macrophage filtration, and significantly 
reduced the formation of atherosclerotic lesions in the 
early stage of atherosclerosis in vivo.  

Discussion 
Antioxidant and anti-inflammatory strategies 

are considered to have the therapeutic potential for 
the treatment of atherosclerosis [16]. ProT has been 
reported to have immunomodulatory activities and 
function as a biological response modifier, which may 
be beneficial in clinical applications [17]. Moreover, 
ProT was demonstrated to disrupt the Nrf2-Keap1 
inhibitory complex, and consequently increased the 
transcriptional activity of antioxidant response ele-
ments (AREs) [7]. As AREs have been found in the 
5′-flanking region of many genes involved in cyto-
protection from oxidative stress, such as 
γ-glutamylcysteine synthetase, and HO-1 [18], there-
fore, the potential therapeutic effect of ProT gene 
transfer on atherosclerosis is of our interest.  

In this study, we demonstrated that adenovi-
rus-mediated ProT gene transfer reduced the 
H2O2-induced ROS generation and prevented the ox-
idative-induced cell damage in HUVECs. In addition, 
ProT overexpression induced eNOS expression and 
thereafter the NO production in HUVECs. Knowing 
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that NO is synthesized by eNOS, and overproduction 
of ROS may result in reduced availability of NO [19], 
these results suggested the protective effect of ProT on 
maintaining the endothelium function. In the previ-
ous studies, estrogen was shown to rapidly activate 
eNOS and promote NO release in endothelial cells 
[20, 21] and have a protective effect on vascular en-
dothelial cells in the prevention of atherosclerosis [22]. 
Interestingly, ProT was reported to enhance estrogen 
receptor transcriptional activity [23], therefore, this 
raised the possibility that ProT may be able to induce 
the eNOS expression and NO release to prevent ath-
erosclerosis through estrogen receptor-mediated sig-
nal pathway.  

 
 
 

 
Figure 6. AdProT reduced the atherosclerotic lesion formation in ApoE-/- 
mice. 9-week-old ApoE-/- mice were received intraventricularly 2 × 108 
PFU AdLacZ (n=6) or AdProT (n=6). Tissues were fixed, dehydrated, and 
embedded in paraffin. Serial sections (n=8) of 5 μm thickness were col-
lected. (A) Histological assessment of lesion size in the aortic sinus. Sec-
tions were stained with H&E and observed under a microscopy (magnifi-
cation × 200). The quantitative data were shown in (B). (C) Im-
munostaining for macrophages in the lesion (magnification × 400). (D) 
Quantitative comparison of macrophage composition in AdLacZ- and 
AdProT-treated groups (n = 6). Data are expressed as mean ± SEM. *, 
p<0.05. 

 

Apoptosis of endothelial cells highly affects en-
dothelium permeability and thus facilitates the de-
velopment of atherosclerosis [24]. ROS overproduc-
tion causes endothelial cell damage even to apoptosis. 
In this study, ProT overexpression reduced the ROS 
production in HUVECs, and moreover, moreover, a 
previous study showed the anti-apoptotic effect of 
ProT [25]. These two observations implicate that ProT 
may be able to reduce the apoptosis of endothelium 
cells via reducing the ROS formation, and/or by its 
anti-apoptotic feature to further inhibit the athero-
sclerosis process.  

To further assess the anti-atherosclerotic effects 
of ProT in vivo, we treated ApoE-/- mice with adeno-
viruses expressing ProT gene. ProT gene transfer in-
creased the antioxidant gene expressions in the aortic 
tissues, and significantly reduced the formation of 
atherosclerotic lesions in ApoE-/- mice. There was no 
significant difference between the AdProT- and 
AdLacZ-treated groups in body weight and in levels 
of plasma cholesterol 4 weeks after virus treatment 
(data not shown). In the previous studies, inhibition 
of SOD leads to a significant impairment of NO bio-
availability in an animal model [26], and adenovi-
rus-mediated Cu/Zn-SOD gene transfer has been 
shown to decrease vascular superoxide levels in ath-
erosclerosis [27]. In agreement with these studies 
showing the importance of SOD genes in the regula-
tion of NO-dependent endothelial functions, in this 
study, we demonstrated that the ProT overexpression 
increased all 3 isoforms of SOD gene expressions both 
in vitro and in vivo, which suggested the protective 
effect of ProT against oxidative stress was associated 
with scavenging intracellular ROS formation via reg-
ulating antioxidant gene expressions. Moreover, 
EC-SOD is highly expressed in blood vessels and 
constitutes up to 70% of the SOD activity [4]. Im-
portantly, we observed a dramatic increase of 
EC-SOD expression in aortic tissues of 
AdProT-injected mice in our study. This revealed an 
enhanced ability of ProT to inhibit NO degradation 
and protect the NO-mediated signaling. However, no 
ARE was found within the promoter regions of SOD 
genes. Hence, the regulation of ProT on the expression 
of SOD genes may be via an ARE-independent path-
way. 

HO-1 is a cytoprotective enzyme that is induced 
in response to oxidative stress. Accumulating evi-
dence has shown the relationship of HO-1 and ather-
osclerosis [28, 29]. Here, we showed that ProT over-
expression induced an enhanced HO-1 expression in 
vitro and in vivo. Moreover, based on our preliminary 
data, the ProT-induced upregulation of SOD gene 
expression was only partially inhibited by the HO-1 
inhibitor ZnPP in HUVECs (data not shown). This 
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leads to the speculation that ProT may induce anti-
oxidant gene expressions both through 
HO-1-dependent and -independent pathways. 

From early fatty-streak lesions to advanced 
plaques, macrophage-derived foam cells are integral 
to the development and progression of atherosclerosis 
[2, 30]. In this study, we intended to see the effect of 
ProT gene transfer on lesion formation in the early 
phase of atherosclerosis in vivo; therefore, 4 weeks 
post-infection were chosen to analyze the lesion for-
mation and macrophage infiltration. We showed that 
ProT overexpression reduced the macrophage filtra-
tion, and significantly reduced the formation of ath-
erosclerotic lesions. Although the effects were not 
dramatic, it still revealed the prevention role of ProT 
on atherosclerotic lesion formation. Furthermore, the 
iNOS and NO production in macrophages were no-
tably inhibited by ProT gene transfer. It is known that 
overproduction of NO via the iNOS has cytotoxic 
effect and plays a role in the development of athero-
sclerosis [31]. Our results indicated that ProT overex-
pression inhibited the development of atherosclerosis 
could also via reducing of macrophage infiltration as 
well as the iNOS-mediated NO production in mac-
rophages. 

In conclusion, this study is the first to suggest 
that ProT gene transfer may have therapeutic poten-
tial for the management of atherosclerosis. In vitro, 
our results demonstrated that ProT enhanced eNOS 
expression and increased NO release to maintain en-
dothelial function, and protected endothelial cells 
against H2O2-induced injury, which was probably 
associated with the increased antioxidant gene ex-
pressions, including HO-1, and three isoforms of 
SOD. In vivo, we showed that adenovirus-mediated 
ProT gene transfer ameliorated the lesion formation of 
atherosclerosis in ApoE-/- mice. The induction of a 
distinct set of antioxidant gene expressions may play 
an important role in inhibiting the endothelial im-
pairment and atherosclerosis process in ProT gene 
therapy. Taken together, these results demonstrate 
that the delivery of adenoviral vectors encoding ProT 
may be an effective strategy for the treatment of ath-
erosclerosis.  

Conclusions  
This study suggests that ProT gene transfer may 

have the therapeutic potential for the management of 
atherosclerosis via inducing the antioxidant gene ex-
pressions, reducing the reactive oxygen species pro-
duction, and decreasing the macrophage infiltration. 
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